Background/Aims: Chronic respiratory conditions continue to plague millions of people worldwide. We aimed to elucidate the detailed mechanisms of microRNA-485 (miR-485) in airway smooth muscle cell (ASMC) proliferation and apoptosis in chronic asthmatic mice. Methods: A mouse model of chronic asthma was established. Ovalbumin was used to induce chronic asthma in the mice. The levels of transforming growth factor β (TGF-β), interleukin (IL)-4, IL-5, IL-13 and IL-17 in bronchoalveolar lavage fluid in mice were measured by enzymelinked immunoassays (ELISAs). ASMCs were transfected with miR-485 mimic, miR-485 inhibitor and siRNA-Smurf2. The reverse transcription quantitative polymerase chain reaction (RT-qPCR) and western blot analyses were applied to detect the mRNA and protein levels of Smurf2, α-SMA, TGF-β1 and decapentaplegic homolog (Smads). The MTT assay was utilized for cell proliferation, while flow cytometry was conducted to assess cell cycle distribution and apoptosis. Results: Lower expression of miR-485 and higher expression levels of TGF-β1, IL-4, IL-5, IL-13 and IL-17 were detected in mice with chronic asthma. Smurf2 was identified as the target gene of miR-485. Upregulation of miR-485 mimic and downregulation of Smurf2 decreased expression levels of Smurf2, α-SMA, TGF-β1 and Smad3, inhibited cell proliferation and increased apoptosis, while contrary results were observed in ASMCs transfected with miR-485 inhibitor. Conclusion: Overexpressed miR-485 inhibits cell proliferation and promotes apoptosis of ASMCs through the Smurf2-mediated TGF-β/Smads signaling pathway in mice with chronic asthma.
Introduction
Asthma is complex disorder characterized by wheezing, coughing, dyspnoea, chest tightness, variable airflow, airflow obstruction, airway wall remodeling, airway chronic inflammation, and airway hyperresponsiveness [1, 2] . People suffering from asthma generally display a faster rate of lung dysfunction than that of normal healthy individuals, which is largely manifested by progressive remodeling of airway walls [3] . The classifications of asthma severity based on both current and previous guidelines range from intermittent to severe persistent asthma [4] . Mycoplasma pneumoniae and Chlamydophila pneumoniae are typical bacteria observed in asthmatic airways and have been associated with clinical characteristics, such as exacerbation risks, symptom control, and steroid sensitivity [5] . The objective of asthma treatment is to preclude symptoms via decreasing airway hyperreactivity and inflammation [6] . Inflammation has various potential triggers, which include reactions to lung infection [7] . International principles suggest that the dose of inhaled corticosteroids (ICSs) used for the asthma treatment should be based on the symptoms presented, pulmonary-function tests, and bronchodilator requirements [8] . In recent decades, progressive studies of microRNAs (miRs) have provided promising therapeutic strategies for complex multifactorial human diseases, such as asthma [9] . Recently, studies have shown altered expression of miRs in the pathophysiological processes underlying inflammatory diseases, such as the progression of atherosclerosis and non-small cell lung cancer [10, 11] . However, the detailed effects of miRs continue to elude the scientific community, and little is known about their roles in immunologically driven and inflammatory disorders [12] .
MiRs are non-coding RNA fragments comprised of between 21 and 23 nucleotides and are related to the transcription process [13] . Research on extracellular miRs has shown promise regarding new and improved therapeutics strategies as well as potential novel noninvasive biomarkers for asthma and other allergies [14] . MiRs have been reported to play essential roles in the pathogenesis of asthma, and miR-20b is believed to suppress airway inflammation in mice with asthma [15] . Likewise, miR-485 has been highlighted as another tumor suppressor acting to inhibit cell proliferation and migration in breast cancer [16] . Furthermore, miR-485, miR-485-3p and miR-485-5p were all found to modulate cell migration, mitochondrial respiration and cell invasion in breast cancer cells via regulatory and inhibitory effects on the expression levels of the transcriptional coactivator peroxisome proliferator-activated receptor γ coactivator-1α [17] . Smad ubiquitin regulatory factor 2 (Smurf2) is an E3 ubiquitin ligase that controls the transforming growth factor β (TGF-β)/ decapentaplegic homolog (Smads) signaling pathway. Smurf2 is connected to various kinds of cellular responses; however, the precise mechanisms regulating Smurf2 abundance remain largely unknown [18] . The TGF-β signaling pathway is related to tumorigenesis through numerous processes, including metastasis and angiogenesis [19] . Recently, the TGF-β1/Smad signaling pathway has been reported to be involved in the airway remodeling in asthma [20] . However, few studies have been able to clarify the correlation among miR-485, Smurf2 and chronic asthma. Thus, in this study, we aimed to explore the effect of miR-485 on the proliferation and apoptosis of airway smooth muscle cells (ASMCs) through the TGF-β/Smads signaling pathway by binding to Smurf2 in mice with chronic asthma.
Materials and Methods

Ethics statements
This protocol of this study was approved by the Animal Ethics Committee. All animal experiments were consistent with the Guide for the Care and Use of Laboratory Animal by international committees.
Experimental animals
A total of 30 specific-pathogen-free (SPF) female BALB/c mice (aged 6~8 weeks), weighing approximately 20 ± 2 g, were purchased from the Laboratory Animal Center of Medical University of Chongqing (Chongqing, China). The mice were fed in an animal house at 21-27°C with a relative humidity of 40~60% and alternation of light and dark for 12 h. Additionally, the mice had free access to food and water (aseptic feed and drinking water in accordance with room pressure standard). After mice were fed for 10 weeks under the aforementioned conditions, the experiment was conducted.
Animal grouping and model establishment of mice with chronic asthma
A total of 30 female BALB/c mice were assigned to the saline (n = 15) and ovalbumin (n = 15) groups with a random number table. Ten mice were selected from each group for noninvasive pulmonary function detection, and the selected mice were numbered to prepare lung tissue specimens and bronchoalveolar lavage fluid (BALF). The animal model was established as described in a relevant literature protocol [21] . The mice in the ovalbumin group were sensitized by intraperitoneal injection of 0.2 ml sensitizing liquid containing 100 μg ovalbumin and 400 μg Aluminum Hydroxide Gel (Sigma-Aldrich Chemical Company, St Louis MO, USA) on the 1 st and 14 th day. The mice in the saline group received intraperitoneal injection of 0.2 ml of normal saline solution. As the mice were in phase excitation from the 21 st day, the mice in the ovalbumin group were put into a 0.5 m³ atomized inhalation box (West Sussex P0229SL, Boehringer Ingelheim, UI) and inhaled 5% ovalbumin after it was atomized through jet atomization generator (VMD, Shanghai Yuyan Instrument Inc., Shanghai, China). Mice in the saline group inhaled normal saline for 8 weeks (3 times a week, 30 min each). Mice with chronic asthma developed the following symptoms after successful model establishment: shortness of breath, irregular breathing rhythm, visibly trembling limbs, irritability, cough, hunched back, and cyanosis after activity. When the mice were stimulated by using higher doses of ovalbumin, the lips and noses of the mice displayed greater cyanotic features.
Noninvasive pulmonary function detection
After 24 h following the last procedure, 10 mice from saline and ovalbumin groups were selected for noninvasive pulmonary function detection using a Buxco noninvasive lung function instrument. After all parts of the Buxco noninvasive lung function instrument were connected and adjusted, the resting BALB/c mice were placed into a volume recorder and treated with methacholine at concentrations of 0, 6.25 g/l, 12.5 g/l, 25 g/l, 50 g/l, and 100 g/l. Each atomization inhalation lasted for 2 min, and the data were recorded for a 3 min period. Penh values were determined, and the differences between the two groups were subsequently compared.
Preparation for lung tissue specimens and BALF
After 24 h following the last procedure, 10 mice from each group were anaesthetized by intraperitoneal injection of 0.6 ml 3% pentobarbital sodium. Next, the mouse tracheas were exposed, a 22 G intravenous needle was then inserted into the trachea and the needle cores were then pulled out and fixed accordingly. The double lungs were lavaged with 0.6 ml normal saline solution with intratracheal injection and pump backing (3 times for each operation). The lavage fluid was then retrieved, with a rate of recovery > 80%. The whole process was then repeated 3 times. BALF was then collected, and the total number of BALF cells was counted followed by classification of the leukocytes. The levels of the inflammatory factors TGF-β1, interleukin (IL)-4, IL-5, IL-13 and IL-17 in the lavage fluid were then detected after centrifugation for BALF. Next, the mice were sacrificed, and their chests were opened under aseptic conditions. The heart and lung tissues were then isolated completely. After ligation of the right lung bronchus, the right lung tissues were quickly extracted, placed in a freeze-thaw tube (liquid nitrogen), and stored in a refrigerator at -70°C.
Hematoxylin-eosin (HE) staining and Masson's trichrome staining
HE staining: after bronchoalveolar lavage, the left upper lobe lung tissues of mice were removed and immediately fixed in 4% paraformaldehyde (F0135, Beijing Leagene Biological Co., Ltd., Beijing, China) for 24 h. The fixed tissues were washed by running water, dehydrated, cleared, embedded in paraffin, and sliced into 5 μm sections. Paraffin sections were dewaxed and stained in hematoxylin (G1120, Beijing Solarbio Biological Co., Ltd., Beijing, China). Finally, a Zeiss fluorescence microscope (PrimoStar iLED, Beijing Atobo Technologies Inc, Beijing, China) was applied to photograph and observe the pathological changes in the airway of the mice in each group.
Cellular Physiology and Biochemistry
Masson's trichrome staining: paraffin sections were dewaxed into distilled water and fixed in 4% paraformaldehyde for 24 h. The sections were then washed in the water for 30 s, stained in hematoxylin for 1~2 min, dehydrated in hydrochloric ethanol for 2~3 s, and returned to warm running water for 1~2 min. Distilled water and/or deionized water was used to wash sections for 1 min. Next, the sections were stained by ponceau-acid fuchsin solution for 5~8 min, rinsed with 1% acetic acid solution for 1 min, differentiated by 1% molybdophosphoric acid aqueous solution for 3~5 min, and finally rinsed again by 1% acetic acid solution for 1 min. The staining conditions were observed under a microscope, and the sections were directly stained by 1% aniline blue or green light liquid for 5 min, rinsed by 1% acetic acid solution for 1 min, and differentiated by 1% glacial acetic acid aqueous solution for 5 s. This was followed by an observation for coloring conditions under a microscope. Then, the sections were quickly dehydrated in 95% alcohol, anhydrous alcohol I for 5~10 s, and anhydrous ethanol II and III for 5~10 s. The sections were cleared by xylene (I-III) for 1~2 min and sealed in neutral balsam. Both the inflammation conditions of the lung tissue and collagen deposition in the airway wall were observed using a microscope. The results indicated that the collagen fiber was stained blue, muscle-fiber cytoplasm stained red, and nuclei stained blue-brown. After the Masson staining of the lung tissues, ten bronchial cross-sections of 100~200 μm in diameter were randomly selected in each section under a light microscope (× 200), with images obtained by an image acquisition system. In addition, image analysis software Image-Pro Plus 6.0 (Media Cybernetics, Silver Spring, MD, USA) was employed to test the perimeter of the basement membrane (Pbm, μm 
Immunohistochemistry
Immunohistochemical staining was conducted by using the SP reagent kit (SP-9001, Beijing Nobleryder Technologies Inc., Beijing, China). Lung tissue sections of mice from each group were sliced into 4 μm, reserved at room temperature for 30 min, and fixed in acetone at 4°C for 10 min. In addition, the sections were also dewaxed in water, rinsed 3 times by phosphate buffered saline (PBS) (5 min for each), and washed by 3% H 2 O 2 for 5~10 min to inhibit the endogenous peroxidase activity. Next, the distilled water was used to rinse the sections, and the sections were soaked twice in PBS (5 min for each). The sections were then sealed in 5~10% normal goat serum working solution (C1771, Applygen Technologies Inc., Beijing, China) and incubated at 37°C for 10~15 min. Furthermore, sections were incubated with rabbit anti-Smurf2 antibodies (ab38543, Abcam Inc., Cambridge, MA, USA) at 4°C overnight, and then, the sections were placed at room temperature for 30 min and rinsed 3 times by PBS (5 min for each). Moreover, the sections were incubated with corresponding biotinylated goat anti-rabbit immunoglobulin G (IgG) (fluorescein isothiocyanate (FITC), 1: 1000, ab7086, Abcam Inc., Cambridge, MA, USA), namely, secondary antibody working solution, at 37°C for 1 h. After rinsing 3 times using PBS (5 min for each), the sections were then mixed with horseradish peroxidase (HRP) (0343-10000U, Imunbio Inc., Beijing, China)-labeled streptavidin working fluid, incubated at 37°C for 1 h, and rinsed 3 times using PBS (5 min for each). The diaminobenzidine (DAB) staining method was used (ST033, Guangzhou Whiga Technologies Inc., Guangdong, China) for 3~10 min, and after this, the reaction was terminated. The sections were washed thoroughly using double distilled water and restained by hematoxylin (Shanghfs Inc., Shanghai, China), followed by conventional dehydration, cleaning, and sealing. In this experiment, the PBS acted as the negative control (NC) replacing the primary antibody. The positive staining showed a tan color. A total of 10 high power fields of vision were randomly selected in each section, and 5 images in each field of vision were selected (× 400). Furthermore, the image analysis software Image-Pro Plus 6.0 (Media Cybernetics Inc., MD, USA) was utilized to detect the number of positive cells in each photograph as well as the percentage of positive cells.
Enzyme-linked immunosorbent assay (ELISA)
According to the instructions provided by the ELISA reagent kit (YQ, Imunbio Inc., Beijing, China), the levels of the inflammatory factors TGF-β1, IL-4, IL-5, IL-13, and IL-17 in the collected mouse alveolar lavage fluid of the mice in the saline and ovalbumin groups were detected accordingly. The blank, NC and positive control wells were used as controls. The optical density (OD) of each well was then detected using a microplate reader (BS-1101, Detie Inc., Jiangsu, China) at 450 nm.
Isolation, purification and identification of primary ASMCs
The trachea and lung tissues of the mice in the saline and ovalbumin groups (5 mice in each group) were rinsed in D-Hanks/PBS solution and stripped of their outer membrane and connective tissues. The tissues were cut into sections at 3 mm. The sections were washed by D-Hank's liquid (HMK0011, Beijing Huamaike Biotechnology Inc., Beijing, China) with the supernatant discarded, incubated with Dulbecco's modified Eagle's medium (DMEM) (SH30021, Beijing North TZ-Biotech Develop Inc., Beijing, China) lowglucose medium containing 0.15% collagenase, and then transferred to sterile centrifuge tubes. In addition, the sections were digested in a constant-temperature electromagnetic stirrer (1008011909, Tianjin Shidanda Trade Inc., Tianjin, China) at 37°C for 30 min, centrifuged at 88 g for 5 min with the supernatant discarded. Next, sections were incubated with an appropriate DMEM low-glucose medium containing 20% fetal bovine serum (FBS), followed by centrifugation at 88 g with the precipitate obtained and combined with the medium to prepare a cell suspension. After shaking and mixing, the cell suspension was transferred into a disposable petri dish, and the precipitate was uniformly distributed among the petri dish. The cells were then washed using D-Hank's liquid, treated with 0.25% trypsin containing 0.02% EDTA in a 5% CO 2 incubator (XBQ-3H, Taicang HLD Inc., Jiiangsu, China) at 37°C for 7 ~ 9 min, and incubated with medium containing 20% FBS for terminating the digestion. The cells were centrifuged at 258 g for 5 min with the supernatant discarded, resuspended by DMEM culture medium containing 20% FBS, seeded into a new culture dish and cultured in a 5% CO 2 incubator at 37°C, with the solution changed once every two to three days. When cells reached 80% confluence, they were treated with trypsin and observed under the microscope. The cells were purified using a differential adherence method. The purity of these cells was consequently 100% after repeated purification and subculture. ASMCs at the 5~8 generation were used for the subsequent experiments. The primary ASMCs were identified using immunocytochemistry staining methods.
Cell grouping and transfection
The ASMCs of mice in the saline and ovalbumin groups were divided into six subgroups: blank group (without any sequence transfection), scrambled group (transfected with scrambled miRNA), miR-485 mimic group (transfected with miR-485 mimic sequence), miR-485 inhibitor group (transfected with miR-485 inhibitor sequence), siRNA-Smurf2 group (transfected with siRNA-Smurf2 sequence) and miR-485 inhibitor + siRNA-Smurf2 group (transfected with miR-485 inhibitor + siRNA-Smurf2). All these sequences were obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China). The cells were inoculated in a six-well plate 24 h before transfection and then transfected with the ASMCs immediately via mediation of liposome Lipofectamine2000 (11668, Invitrogen Inc., Carlsbad, CA, USA) when cell confluence reached approximately 50%. Furthermore, 250 µl serum-free Opti-MEM culture medium (31985-070, Shanghai Boyaobio Biomart Inc., Shanghai, China) was used to dilute 100 pmol of miR-485 mimic, miR-485 inhibitor, siRNA-Smurf2, miR-485 inhibitor + siRNA-Smurf2 and NC (final concentration of 50 nM), mixed and incubated at room temperature for 5 min. Likewise, another 250 µl serum-free Opti-MEM culture medium was used to dilute 5 µl of Lipofectamine 2000, mixed and incubated at room temperature for 5 min. The above two samples were mixed together, incubated at room temperature for 20 min and then added to cell culture wells at 37°C with 5% CO 2 . After incubation for 6~8 h, the complete medium was changed, and the subsequent experiments were continued after cell culture for 24~48 h.
Dual-luciferase reporter gene assay
The biological prediction websites microRNA.org (http://www.microrna.org/microrna/getGeneForm. do) and mirdb.org (http://mirdb.org/) were used to analyze the target gene of miR-485 and verify whether Smurf2 was a direct target gene of miR-485. Dual-luciferase reporter gene assays were performed to verify Smurf2 was a direct target gene of miR-485. The artificial synthesized Smurf2 3'UTR gene segment was introduced into the pMIR-reporter (VECT76543, Beijing Huayueyang Biotechnology Inc., Beijing, China) via the restriction sites SpeI and Hind III. The mutated complementary sequences of the seed sequence were designed in wild-type (WT) Smurf2, and the target segment was inserted into the pMIR-reporter reporter vector via T4 DNA ligase through restriction endonuclease digestion. Then, the luciferase reporter plasmids with WT and mutation type (MUT) sequences shown to be correct with sequencing were co-transfected with miR-485 separately into HEK-293T cells (K1727, Shanghai Bienuobio Inc., Shanghai, China). Moreover, after transfection for 48 h, the cells were collected and split, and the luciferase activity was tested by a firefly luciferase assay kit (K801-200, Biovision, CA, USA).
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3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay
When cell confluence reached 80% after transfection, the cells were washed twice using PBS, treated with 0.25% trypsin and made into a single cell suspension. A total of 3 × 10 3~6 × 10 3 cells were inoculated in each well of the 96-well plate (0.2 ml/well), and 6 replicates were used. Next, the cells were placed in an incubator, followed by removal of the plate at 24 h, 48 h, and 72 h. The cells were then cultured with 10% MTT liquid (5 g/l) (GD-Y1317, Shguduo Biomart Inc., Shanghai, China) for another 4 h with the supernatant discarded. Each well was mixed with 100 µl methyl sulfoxide (DMSO) (D5879-100ML, Sigma-Aldrich Chemical Company, St Louis MO, USA), gently oscillated and mixed for 10 min to dissolve the formazan crystals produced by living cells. A microplate reader (BS-1101, Detie Inc., Jiangsu, China) was used to detect the values at 590 nm of each well. Each experiment was repeated 3 times, and a cell viability curve was drawn with the time point as the X-axis and the OD value as Y-axis.
Flow cytometry
A propidium iodide (PI) single staining method was performed to detect the cell cycle distribution: cells were collected 48 h after transfection, washed 3 times with cold PBS, and centrifuged with supernatant discarded. The cells were re-suspended with PBS again, with the cell concentration adjusted to approximately 1 × 10 5 cells/ml, fixed with 70% pre-cooling ice ethanol at -20°C, and incubated at 4°C overnight. The cells were centrifuged (800 g) at 4°C with the supernatant discarded and washed with PBS containing 1% FBS 2 times. Furthermore, cells were resuspended by 400 μl binding buffer solution, followed by adding 50 μl RNase A (R4875, Shanghai Via-geneprobio Technologies Inc., Shanghai, China) and incubating at 37°C for 30 min. Then, cells were mixed with 50 μl PI (50 mg/l) (GK3601-50T, Beijing Dingguo Changsheng Biotechnology Co., Ltd., Beijing, China) in dark conditions and incubated at room temperature for 30 min, with the cell cycle detected by flow cytometry. The method of judging the distribution of cells in different phases was as follows: the PI staining in flow cytometry was used to detect the DNA content in cells, and the phases of the cell cycle were G1/G0, S and G2/M phases. Cells in the G1/G0 phase had the DNA content of diploid cells, cells in the G2/M phase had the DNA content of a tetraploid cell and cells in the S phase had DNA content between diploid and tetraploid cells. The experiment was repeated 3 times.
Annexin V-FITC/PI two-parameter staining was conducted for detection of cell apoptosis: after 48 h of transfection, cells were treated with trypsin (without ethylene diamine tetraacetic acid, EDTA), collected in flow tubes, and centrifuged with the supernatant discarded. Furthermore, the cells were washed 3 times with cold PBS and centrifuged with the supernatant discarded. Next, Annexin-V-FITC/PI was prepared by mixing 5 μl of FITC and 5 μl of PI, which was then incubated at room temperature for 15 min away from light. The cells were inoculated in a 6-well cell culture plates (2 × 10 5 cells for each), while the blank, scrambled and experiment groups were set, and the cells (100 nmol/l) were transfected. According to the instructions of the cell apoptosis assay kit (Annexin V-HTC Apoptosis Detection Kit-I, 556547, Becton, Dickinson and Company, NJ, USA), the cells were suspended again by 500 μl binding buffer, and flow cytometry was used to detect cell apoptosis. The experiment was repeated 3 times.
Reverse transcription quantitative polymerase chain reaction (RT-qPCR)
TRIzol (10606ES60, Yeasen Biotechnology Co., Ltd., Shanghai, China) was used to extract the total RNA in the cells (ASMCs in each group after transfection) and tissues (the lower lobe of right lung), and the concentration and purity of RNA were determined. According to the instructions of the reverse transcription kit (DRR047S, TaKaRa Biotechnology Ltd., Dalian, Liaoning, China), the sample RNA was reverse transcribed to cDNA with a total system of 10 μl. The obtained cDNA was diluted by 65 μl diethypyrocarbonate (DEPC) and fully mixed. The real-time PCR reaction system included 5 μl SsoFast EvaGreen Supermix (1708882, Bio-Rad Laboratories, Hercules, CA, USA), 0.5 μl Forward primer (10 μm), 0.5 μl Reverse primer (10 μm), and 4 μl cDNA. The amplification condition for RT-qPCR was as follow: pre-denaturation at 95°C for 10 s and 40 cycles of denaturation at 95°C for 5 s, annealing at 60°C for 30 s and extension at 60°C for 30 s. Primers were synthesized by Shanghai Biological Engineering Co., Ltd. (Shanghi, China) ( Table 1) . A 2 μg total RNA sample was used as the template, and U6 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as internal references. The 2 -∆∆Ct method was performed to calculate the relative mRNA expression of target genes (miR-485, Smurf, TGF-β and Smads), and the formula was as follows: ∆∆Ct = ∆Ct experimental group -∆Ct normal group , ∆Ct = Ct (target gene) -Ct (internal reference) , the mRNA transcription expression of target genes = 2 -∆∆Ct [22] . The total RNA of the ASMCs of mice in each group after transfection was collected and incubated for 48 h, and the total RNA of the cells was extracted.
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Western blot analysis Appropriate amounts of lung tissues were weighed, ground to homogeneous fine powder and combined with the proper amount of tissue lysate (100 µl lysate for per 100 mg tissue). Then, the samples were ground to homogenate in an ice bath and mixed with protein lysate (at 4°C for 30 min) with shaking every 10 min. The sample was then centrifuged (25764 g) at 4°C for 20 min with the lipid layer discarded, and the supernatant was obtained. The cells were collected, treated with trypsin, centrifuged, washed with PBS two times, mixed with the proper amount of precooled lysate, and centrifuged again with the supernatant obtained. The protein concentration of the supernatant was evaluated by a bicinchoninic acid (BCA) reagent kit (20201ES76, Yeasen Biotech Inc., Shanghai, China), and 30 μg proteins adjusted by deionized water were added into the lanes. Additionally, a 10% sodium dodecyl sulfate (SDS) separation gel and a spacer gel were prepared. The samples and sample buffer were mixed together (boiling at 100°C for 5 min), followed by incubation in an ice bath and electrophoretic separation of each lane with same volume by micropipettes after centrifugation. The proteins were then transferred onto a nitrocellulose membrane and blocked by 5% skim milk powder overnight. Next, the membrane was mixed with the primary antibodies, namely, rabbit anti-Smurf2 antibodies (ab53316, 1:500), alpha smooth muscle actin (α-SMA) antibodies (ab108424, 1:1000), TGF-β1 antibodies (ab92486, 0.5-4 μg/ml), and Smad3 antibodies (ab40854, 1:1000) (all antibodies were from Abcam Inc., Cambridge, MA, USA), followed by incubation in a table concentrator at 4°C overnight. After washing using Tris-buffered saline tween (TBST), the membrane was mixed with the secondary antibodies rabbit anti-goat IgG diluent (FITC, 1:1000, ab7086, Abcam Inc., Cambridge, MA, USA) at room temperature for 1 h. The membrane was washed with TBST 3 times (5 min for each), followed by adding the developing solution. Protein quantitative analysis was performed using ImageJ 1.48u software (National Institutes of Health, Bethesda, Maryland, USA) with the ratio between the gray value of the protein and GAPDH detected.
Statistical analysis SPSS 21.0 statistical software (IBM Corp. Armonk, NY, USA) was utilized for the statistical analyses of the study. Measurement data are presented as the mean ± standard deviation (SD). A t test was adopted for comparisons between two groups. A one-way analysis of variance (ANOVA) was applied for comparisons among multiple groups. p < 0.05 indicated a significant difference.
Results
A mouse model of chronic asthmatic is successfully established
Significantly accelerated levels of respiration, dysphoria, hunched back, pruritus in the ears and noses, and urinary and fecal incontinence were observed among mice in the ovalbumin group during the in-phase excitation period. Following several periods of excitation, the mice exhibited slow growth of body weight, messy fur without gloss, poor mental state and a marked decrease in activity. However, the mice in the saline group did not display the aforementioned features, thus indicating successful model establishment. 
Mice with chronic asthma have increased BALF, eosinophils, monocytes and lymphocytes as well as increased Penh values
The results of the total number of BALF cells and the differential white blood cell count showed that in the saline group, the BALF consisted mostly of monocytes. In the ovalbumin group, the number of BALF cells, eosinophils, monocytes and lymphocytes were higher than that in the saline group (p < 0.05) (Fig. 1A) . The mice were stimulated with various concentrations of methacholine. The changes in the Penh values of the mice in the saline and ovalbumin groups are shown in Fig. 1B . Compared with the saline group, the airway reactivity of the ovalbumin group significantly increased (p < 0.05). These results indicated that chronic asthmatic mice showed more BALF and leucocytes with increased Penh values.
Mice with chronic asthma show severe lesions in airways and more deposited airway collagen fiber HE and Masson staining methods were used to assess conventional lung tissue sections, and a light microscope was used for observation purposes. The results of HE staining are illustrated in Fig. 2A , indicating that the mouse airways of the saline group did not display any significant changes or notable inflammatory cell infiltration. However, the airway wall and airway smooth muscle of the mice in the ovalbumin group showed remarkable thickening, broadened strata submucosum, mucosal epithelium hyperplasia, and increased mucus secretion (p < 0.05).
The results of the Masson staining showed that the collagen fiber was stained blue, muscle-fiber cytoplasm was red, and the nucleus was blue-brown. After Masson staining of the lung tissues, image analysis software was used to analyze various factors, and the measured values were standardized by using the perimeter of the basement membrane (Pbm). These values are represented as the degree of airway wall thickness (Wat/ Pbm, μm Fig. 2B , revealing that compared with mice in the saline group, the mice in the ovalbumin group exhibited significantly increased deposited airway collagen fiber (p < 0.05). Compared with the mice in the saline group, Wat/Pbm, Wam/Pbm, Wai/Pbm and Wcol/Pbm were significantly elevated in mice in the ovalbumin group (p < 0.05) (Fig. 2C) . The findings above suggested that chronic asthmatic mice showed pathological changes in airways and increased deposition of airway collagen fiber.
Chronic asthmatic mice show higher positive expression rates of Smurf2 in ASMCs
Immunohistochemistry was conducted to examine the expression of Smurf2 in ASMCs of mice in the saline group and the ovalbumin group. The sections were stained and then analyzed. The results indicated that Smurf2 displayed weakened positive expression These results indicated that the positive expression of the Smurf2 in ASMCs was obviously higher in the ovalbumin group than the saline group (p < 0.05) (Fig. 3) .
Chronic asthmatic mice show aggravated inflammation
The levels of inflammatory factors, namely, TGF-β1, IL-4, IL-5, IL-13 and IL-17, in the BALF of mice in the saline and ovalbumin groups were detected by ELISAs. The results demonstrated that the levels of TGF-β1, IL-4, IL-5, IL-13 and IL-17 in the ovalbumin group had significantly increased in comparison with the saline group (p < 0.05). Thus, the results indicated that chronic asthma promoted inflammation (Fig. 4) . 
Reduction of miR-485 expression and increased expression levels of Smurf2, α-SMA, TGF-β1 and Smad3 are found in chronic asthma mice
The miR-485 expression and both the mRNA and protein expression levels of Smurf2, α-SMA, TGF-β1 and Smad3 in airway tissues of mice in the saline and ovalbumin groups were detected by RT-qPCR and western blot analysis. Compared with the saline group, the mice in the ovalbumin group displayed remarkably reduced levels of miR-485 expression, while exhibiting significantly increased mRNA and protein expression of Smurf2, α-SMA, TGF-β1 and Smad3 (p < 0.05) (Fig. 5) . Therefore, chronic asthmatic mice showed lower expression of miR-485 but higher Smurf2, α-SMA, TGF-β1 and Smad3 levels in airway tissues.
Smurf2 is verified as the target gene of the miR-485
According to the analysis of the online software microRNA.org and mirdb.org, there was a specific binding region between the Smurf2 sequence and miR-485. The specific binding region in the 3'UTR between the Smurf2 sequence and the miR-485 sequence is shown in Fig. 6A . Smurf2 was confirmed to be the target gene of miR-485 by dual-luciferase reporter gene assays (Fig. 6B) . Compared with the NC group, the luciferase activity of the 3'UTR of the Smurf2 WT was inhibited by miR-485 (p < 0.05), but this was not the case for the luciferase activity of the mutant 3'UTR, suggesting that miR-485 could bind specifically with the Smurf2-3'UTR. 5 . The miR-485 expression is reduced, but the mRNA and protein levels of Smurf2, α-SMA, TGF-β1 and Smad3 are increased in airway tissues of chronic asthma mice. A: the miR-485 expression and mRNA levels of Smurf2, α-SMA, TGF-β1 and Smad3 of airway tissues in the saline and ovalbumin groups detected by the RT-qPCR; B: the protein levels of Smurf2, α-SMA, TGF-β1 and Smad3 of airway tissues in the saline and ovalbumin groups detected by western blot analysis; C: the protein band images examined by western blot analysis; *, p<0.05 compared with the saline group (N = 10); miR-485, microRNA-485; Smurf2: Smad ubiquitin regulatory factor 2; α-SMA, alpha smooth muscle actin; TGF-β1, transforming growth factorbeta-1; RT-qPCR, reverse transcription quantitative polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Smads, mothers against decapentaplegic homolog. Cell (Fig. 7A) , the ASMCs cultured in vitro were spindle-shaped, with 1~2 nuclei located in the center of the cell. Cell growth resulted in a bundle arrangement in a region, forming morphological features with a characteristic peak shape. The results of α-SMA immunohistochemical staining revealed that the brown yellow color observed was indicative of the positive α-SMA in cytoplasm. The blue color indicated positive staining of hematoxylin in the nucleus under an optical microscope (Fig.  7B) . The blue cytoplasm of all the nuclei indicated positive staining for α-SMA, which was largely suggestive of the presence of ASMCs.
M i R -4 8 5 o v e r e x p r e s s i o n and siRNA-Smurf2
inhibit mouse ASMC proliferation in vitro MTT assays were used to detect the effects of different groups, time, group interactions and the effect of time on cell proliferation ability (Fig. 8) . In the ASMCs of mice in the normal and asthma mice, when compared with the blank group, cell proliferation after transfection for 48 h and 72 h was clearly inhibited in the miR-485 mimic and siRNASmurf2 groups (all p < 0.05), while the miR-485 inhibitor group # , p<0.05 compared with the siRNASmurf2 group; the experiment was repeated 3 times. ASMCs, airway smooth muscle cells; Smurf2, Smad ubiquitin regulatory factor 2. Fig. 6 . Smurf2 is the target gene of miR-485. A: the predicted binding site of Smurf2 3'UTR in the miR-485; B: luciferase activity detection by dualluciferase reporter gene assays; *, p<0.05 compared with the NC group; the experiment was repeated 3 times; NC, negative control; miR-485 mimic, microRNA-485 mimic; WT, wild-type; WUT, mutant-type, Smurf2, Smad ubiquitin regulatory factor 2. Cell
showed increased cell proliferation (p < 0.05). There was no statistical significance of cell proliferation in the scrambled and miR-485 inhibitor + siRNA-Smurf2 groups (p > 0.05).
Compared with the siRNA-Smurf2 group, the miR-485 inhibitor + siRNA-Smurf2 group showed increased cell proliferation (p < 0.05). Overall, the inhibition of miR-485 expression promoted the cell proliferation of mouse ASMCs in vitro, and miR-485 overexpression and siRNA-Smurf2 inhibited mouse ASMC proliferation in vitro.
MiR-485 overexpression and siRNA-Smurf2 arrest cells at G1 phase and promote apoptosis of ASMCs in mice PI single staining was used to detect the cell cycle distribution of ASMCs in the normal and asthmatic mice after transfection. The results are shown in Fig. 9 . In the ASMCs of the normal and asthma mice, compared with the control group, cells in the G1 phase were significantly reduced, while cells in the S phase clearly increased in the blank, NC, miR-485 mimic, miR-485 inhibitor, siRNA-Smurf2 and miR-485 inhibitor + siRNA-Smurf2 groups (p < 0.05). Compared with the blank group, the cell growth was arrested at the G1 phase, and Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry increased cells were in the G1 phase in the miR-485 mimic and the siRNA-Smurf2 groups; furthermore, a reduction of cells in the S phase and inhibited cell proliferation of ASMCs were observed in the miR-485 mimic as well as the siRNA-Smurf2 groups (p < 0.05); the cells in the G1 phase decreased but those in the S phase increased in the miR-485 inhibitor group (all p < 0.05), and the scrambled and miR-485 inhibitor + siRNA-Smurf2 groups showed no significant differences (p > 0.05). No obvious difference was found at G2 phase in each group (p > 0.05). Compared with the siRNA-Smurf2 group, the miR-485 inhibitor + siRNA-Smurf2 group showed a decrease in the cells at the G1 phase, while in contrast, the cells in the S phase had increased (all p < 0.05). Annexin V/PI double staining was used to detect the apoptosis of ASMCs in the normal and asthmatic mice after transfection. The results are shown in Fig. 10 . In the ASMCs of the normal and asthmatic mice, compared with the blank group, the cell apoptosis rate in the miR-485 inhibitor group was reduced significantly (all p < 0.05). The cell apoptosis rate in the miR-485 mimic and siRNA-Smurf2 groups increased remarkably (p < 0.05), while the The mRNA and protein expression levels of Smurf2, α-SMA, TGF-β1 and Smad3 in the ASMCs are decreased by overexpressed miR-485 RT-qPCR was used to detect the miR-485 expression and mRNA expression of Smurf2, α-SMA, TGF-β1 and Smad3 in each group after ASMC transfection. The results suggested (Fig. 11A, B ) that in the ASMCs of both the normal and asthmatic mice, compared with the Western blot analysis was used to detect the protein expression of Smurf2, α-SMA, TGF-β1 and Smad3 in each group after ASMC transfection. The results suggested (Fig. 11C-F ) that in the ASMCs of both the normal and asthmatic mice, compared with the blank group, the protein expression of Smurf2, α-SMA, TGF-β1 and Smad3 were all higher in the miR-485 inhibitor group (all p < 0.05). The protein expression of Smurf2, α-SMA, TGF-β1 and Smad3 were all lower in the miR-485 mimic and siRNA-Smurf2 groups compared with the blank group (all p < 0.05). Compared with the siRNA-Smurf2 group, the protein expression of Smurf2, α-SMA, TGF-β1 and Smad3 were higher in the miR-485 inhibitor + siRNA-Smurf2 group (all p < 0.05). These results revealed that overexpressed miR-485 decreased the protein expression of Smurf2, α-SMA, TGF-β1 and Smad3 in ASMCs of mice.
Discussion
Asthma is a long-term respiratory condition characterized by bronchoconstriction, which actively acts to damage the airways over time [23] . Bronchial asthma usually remains uncontrolled even with treatment with ICS, long-acting beta (2)-agonists or both, and additional treatments are ultimately still required [24] . Although tremendous efforts have been made to improve asthma therapy, due to the heterogenicity and complexity of asthma, effectively controlling asthma remains difficult [25] . These findings suggest that more effective treatments are urgently needed. Previous studies have revealed miRNAs to be associated with chronic asthma and other human diseases, such colonic Crohn's Disease [26] [27] [28] [29] . Thus, the central objective of this study was to elucidate the mechanisms involved in miR-285 regulation of chronic asthma, and we found that overexpressed miR-485 could inhibit the proliferation and promote apoptosis of ASMCs in mice with chronic asthma through suppressing the Smurf2-dependent TGF-β/Smads signaling pathway.
Initial observations indicated significant increases in the expression levels of TGF-β1, IL-4, IL-5, IL-13 and IL-17 in mice with chronic asthma. It has been widely demonstrated that the pathognomonic features of asthma are comprised of airway remodeling, intense eosinophilic infiltration, and airway hyperresponsiveness mediated via Th2 cytokines, namely, IL-4, IL-5, and IL-13, from inflammatory mediators in the activated mast cells [30] . Moreover, TGF-β1, IL-4 and IL-13 may also share a correlation with the development and susceptibility of asthma within the Chinese population [31] . Furthermore, increased serum IL-17 acts as an independent risk factor in cases of severe asthma [32] . A novel E3 ubiquitin ligase, as shown by light interference microscopy, was found to directly bind to Smurf2, thus promoting TGF-β expression in osteosarcoma (U2OS) cells [33] . Based on the aforementioned information discussed, we have ultimately deduced that the high levels of TGF-β1, IL-4, IL-5, IL-13 and IL-17 indicate a successfully established ovalbumin group.
Compared with the blank and NC groups, the miR-485 inhibitor group exhibited decreased levels of miR-485 expression as well as enhanced mRNA and protein levels of Smurf2, α-SMA, TGF-β1 and Smad3, while contrary results were observed in the miR-485 mimic and siRNA-Smurf2 groups, indicating miR-485 suppressed the expression of Smurf2, α-SMA, TGF-β1 and Smad3 in chronic asthma. Smurf2 is comprised of multiple WW domains that could interact with the Smad7 molecule and regulate TGF-β cytokine signaling [34] . A previous study demonstrated that Smurf2 could be inhibited by miRNA [18] . Additionally, Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry the α-SMA expression in asthma was evidently increased by a Nuclear Factor-κB blocker, which also promoted apoptosis and coordinated cell proliferation of the airway smooth muscle in mice with asthma [35] . Additionally, TGF-β1 is one of several candidate loci in the pathogenesis of asthma in addition to being highly polymorphic. The connection between the T869C and C-509T polymorphisms of the TGF-β1 gene may be a risk factor of asthma [36] . TGF-β1 expression displayed increased levels in mice with asthma, while a correlation was detected between the higher TGF-β1 ratio in the chronic group and higher collagen levels [37] . Importantly, a former study revealed that TGFβ1-induced cell proliferation was impeded by up-regulated miR-29 [38] . Smad3, one of the susceptibility genes in asthma, acts as a single pathway for asthma vulnerability that influences the airway epithelium sensitivity for TGF-β [39] . Furthermore, the Smad protein plays an important role in regulating the intracellular mediators for TGF-β1 signaling. Smurf2, an ubiquitin ligase for Smads, also plays a vital role in the adjustment of TGF-β1/Smad signaling [40] . Smad was found to be negatively regulated by overexpression of miRNA [41] . As reflected in our study, miR-485 overexpression effectively inhibited the expression levels of Smurf2, α-SMA, TGF-β1 and Smad3. Furthermore, our study clarified that compared with the control group, the miR-485 inhibitor group showed significantly increased cell proliferation, while the apoptosis rates showed drastically reduced levels. The results indicated that miR-485 inhibits cell proliferation and promotes the rate of cell apoptosis. MiRNAs, including miR-485-3p, mapped to the 14q32.31 locus have been reported to modulate migration, proliferation, and apoptosis, as well as the invasion of metastatic prostate cancer cells [42] . MiR-485-5p has been shown to negatively regulate the progression of gastric cancer through modulating flotillin-1 [43] . Meanwhile, it also acts to suppress cell invasion and proliferation in hepatocellular carcinomas through regulation of stanniocalcin 2 [44] . Moreover, miR29b was reported to have a suppressive effect on hepatic stellate cell activation, including crosstalk with TGF-β1/Smad3 [45] . The inhibitory role of miR-485 in cell proliferation was formerly reported [46] . A previous study revealed that miR-485 regulates host and influenza virus transcripts to control viral replication and target antiviral immunity [47] . In addition, the dual-luciferase reporter gene assay in our study also confirmed Smurf2 as the target gene of miR-485. Similarly, miR-23b was found to suppress ASMC proliferation through inhibiting the GFβR2/p-Smad3 pathway [48] . Thus, overexpressed miR-485 suppresses cell proliferation and promotes cell apoptosis of ASMCs in mice with chronic asthma.
Conclusion
In conclusion, the present study investigated whether miR-485 was down-regulated specifically in chronic asthma and whether it participated in the regulation of cell apoptosis and proliferation. We determined that this molecule was closely linked with the development of chronic asthma. Our study demonstrated that miR-485 suppressed cell proliferation and promoted cell apoptosis by targeting Smurf2 through the TGF-β/Smads signaling pathway in mice with chronic asthma, suggesting that miR-485 could be a new underlying target for the treatment of chronic asthma. However, there were still some limitations in this study as a result of limited data and the experimental environment. Future experiments and deeper analysis will be conducted to further substantiate the key findings of this study.
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